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UnitedStates PatentOfce 

Theinvention described herein may be manufactured 
and used by or forthe Government ofthe UnitedStates 
of Americaforgovernmentalpurposeswithoutthe pay 
ment ofanyroyaltiesthereon ortherefor, 

Thisinvention relatestoascintilation counterandin 
particulartoaScintilationcounterinwhichanewcement 
composition providesgoodopticalcoupling ofthescinti 
latortothephotomultipliertubeandalsotoglass,quartz 
andothertransparentcoverplates, 
Manycoupingmedia commonlyusedintheinterface 

between a scintilatorand a photomultiplertube have 
reasonablygood optical properties,butthesealbetween 
themtendstoloosenorbecomeopticalymarredbyareas 
of Separation and bygradualloss of couplingmedium… 
Such defects at the junction usually resultfrom the use 
offuid orviscoustype optical couplingmedia,forin 
Stance,Nujol heavy mineral oi and ophthalmological 
petrolatum which gradualy ooZe orseep outfrom the 
interface?Adhesivetype materialsthatheretofore have 
been used to afixtube and scintilatorinvariably have 
poorerlighttranSmission propertiesthan the viscousand 
fuid media,and such more orless permanenttypead 
hesiveShavethe particulardisadvantagethattheydeprive 
the use of scintillator or photomultipliertube in other 
experimental Setups,With permanent type adhesives, 
ifeithertube orscintilatorbecomes defective,theentire 
aSSemblybecomesuseless, 
Itisthe object of the presentinvention to provide a 

Scintilation counterthatemploys an opticalcement for 
coupling the Scintilator to a photomultipliertube and 
for coupling the Scintilator to glass,quartz and other 
tranSparent coverplates,in which Said opticalcementis 
Superiortocouplingmedia ofthe priorart? 

ItisanotherobjectofthepresentinventiontoDrovidea 
coupling cenent for scintilation countersin which the 
coupkd Scintilationassembliescontainingthe present ce 
ment have good light-transmitting propertiesand1onger 
operableife, 

?tisafurther objectoftheinventionthatthenovelce 
mentforscintilatorsform a Strong permanent bond be 
tween the coupled parts,requiringnoothermeans ofat 
tachment,andin which the mountedScintillatorsPerform 
eficientlyaslongasrequired,Itisalsoan objectofthe 
invention to provide for Separation of Scintilator and 
photomultiplier by a simple nondestructive method that 
leaves both tubeandScintilatorintactandready forfur 
theruse. 

These and other objects and advantages wil become 
apparentfrom the folowingdetailed descriptiontakenin 
conjunction with the accompanying drawingin Which? 
F?GURE 1shows ascintilation counter comprisinga 

scintillation phosphorcementedtothe coupingwindow of 
aphotomultipliertube;and 
FIGURE2showsamountedtypecrystalwhichis ce 

mentedtoanopticalcouplingwindow? 
Inaccordancewith the presentinventiona Scintilation 

counterisprovided with a durable,transparent coupling 
cementattheinterface betweenthe scintillation phosphor 
and the optical window of a multipiertube to form a 
convenientandefective mounting,The stable?Solid ce 
mentcompositionafxesthescintillatorfirmlytothe glass 
window ofthetubeand providesan opticalmedium and 
astrong supporting meansthat willnot slip or become 
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2 
looSened by Vibrations,blows ortemperature variations? 
The cement composition consists ofanepoxyresin,name 
lythe polyepoxide of gycerolandepichlorohydrin;said 
epoxyresinismixedWithadiamine hardeneratthetime 
of use,and after a certain time interval,the mixture 
hardensintoaclearsolid cementwith desiredopticaland 
cotplingproperties. 
The polyepoxide which has been foundsuitableforthe 

presentinvention contains the condensation product of 
gycerolandepichlorohydrinreactedinthe presence ofan 
acid-acting compound as catalyst thereof,for instance, 
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stannic chloride,SnCl4 or boron trifuoride,BF3,The 
proportion of reactantsis aboutone mole ofepichloro 
hydrin foreach molecularequivalent of hydroxylgroup 
in the gycerol,and more particularly,the reaction mix 
ture containsabout1 mole of glycerolto about3 moles 
of epichlorohydrin?The polyepoxide is a pale amber, 
viscous liquid having an epoxide value of about .660 
equivalenceper100 gramsandarefractiveindexat25° 
C.of1478,ASuitableepoxytyperesin,which by way 
of example may be used to form the preSent cement,is 
the Epon1062or(562)manufacturedbythe ShellChem 
ical Company? · 
Afrmly hardeningandgoodadheringcementisformed 

byaddingone part byweight of a diamine,preferably,a 
distied12-propanediamine,to aboutten partsbyweight 
ofanepoxyresin ofthetypethatisreferredto herein. 
Initialythismixtureisaliquid but hardensgradualyin 
about8hoursatroomtemperaturetoaclear,non-brittle 
solid,If practical grade 12-propanediamine is to be 
used,itispreferably distiled froma dryingagent,Such 
as,sodium hydroxide pellets,and the distiled compound 
isthen stored oversodium hydroxide pellets,The 12 
propanediamine hasbeenselectedasthe cementhardener 
because ofits stabitytolight, - 
Turningnowtothedrawingwithreferenceto FIGURE 

1,photomultipliertube1 hasan opticalcouplingwindow 
2 whichin the presentembodimentformsthe glass en 
velopeofthetubeandwhich mayconsist offused quartz, 
“Lustraglass”“Vycor”(tradenames of high silicaglass) 
or otherglass transparent to the light emitted by the 
scintiation plasticorphosphor3,In otherScintilation 
counterarrangements,a glass Substitute,Such as poly 
methylmethacrylate,mayformthe opticalcouplingWin 
dow ofthe detectingtube,The scintillator3,shown in 
FIGURE1,may byway ofexample consistof polyvinyl 
toluenewhichismanufacturedspecificalyasaScintilating 
plastic,andisa highlytransparent,colorless,inert Solid, 
freefromairbubblesandinterferingparticles?The ce 
mentcomposition4attheinterface orjunction of Scinti 
1atingplastic3 andthe opticalwindow of thetube1 is 
highlyexaggeratedinthe drawingforpurposes ofilus 
tration? 
The coupling cementusedin the preSentinventionis 

also suitable for crystal mountings of thetype which 
are“potted”in moisture-tight containers,as shown in 
FIGURE2,Crystalsthatarereadilyafected byatmoS 
phericconditionsmust be protected from moisture,dele 
teriousgasesandfuids andare,consequenty,mounted 
andsealedin the mannershownin FIG.2?Aphosphor 
crystal5 suchasa Sodiumiodide crystalactivated with 
thalium metal,NaI(TI),is mounted and hermeticaly 
sealedina container7,commonlyathin-wallaluminum 
can orothersuitable metal,havingan openendtowhich 
anopticalcover plate8isinserted,Anarrowfange13 
ProvidessupportingandSealingmeansforthecoverplate… 
The crystalissealed and opticalycoupled to the cover 
plate by means of a thin1ayer of the present cement 
composition between the crystal5and the cover plate 
8,the thickness of Said cement layer is exagger 
ated at14for purposes ofilustration?The rear edge 
12 ofthe crystalis usualy provided with a refector 
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coating,suchasAl2O3;the lateralspace 1? andin Some 
instancesthe spacein back ofthe crystalmay be filed 
with a non-absorbent material,for example,packed 
alumina(AlaO3)is found Suitableforthis purpose? In applyingthe cement composition,the partsto be 
cemented are thoroughly cleaned toremove alforeign 
material,afreshly prepared cement mixture of10?arts 
epoxyresin and one part1,2-propanediamine by weight 
is applied to both Surface areas and the parts are then 
Pressedfirmlytogetherto SqueeZe outalexceSS cement 
fromthejunction,Normalynotmorethanabout.001? 
in,of cementremainsin a properly coupled aSSembly, 
althoughthe exactamount of hardened cement presentis 
notcriticalforSuccessfuloperation of counters,SpectrOm 
eters and other devices which may employ coupled 
assemblies of thetype described herein?The coupled 
partsare alowedto hardeninabout8 hoursto a clear, 
nonbrittle soid?While the cement is ordinarily em 
Ployedatroom temperature,the hardeningthereof may 
beefectedinashorterPeriod,ifthisis desired,by heat 
ingthe cemented partsto atemperatureas highas 50° 
C? 

Therefractiveindexofthe presentcementcomposition 
isabout1,502(atthe wavelength ofthe Sodium D line) 
andthisisespeciaHydesirableinview ofthe fact thata 
nearlylineartransmittance oflightoccurs between plastic 
andglass or betweencrystal phosphorand glass,Light 
and other radiation is transmitted more eficienty 
through adjacentsurfaces of materials havingthe Same 
ornearly the Same refractive indeX,Other transparent 
cement compositionswhichappear relativeytransparent 
have been rejectedas opticalcoupling cements because 
of such high indices of refraction that the light Output 
is low due tointernalrefiection? 
The polyepoxide-diamine cement composition may be 

used successfulyin couplingglasstoglass,glaSStoplas 
ticacrystalcompositiontoglass Orany phosphorescent 
or fiuorescent material Suitable for radiation detectors, 
gamma-rayspectrometers,etc·may be opticaly coupled 
toforman extremely durable bond?The preSent Cement 
is desirably free from flow or creeping efects commo? 
with viscous fiuids or Semi-solid type couping media? 
It is alsonon-reactive with Crystals,plastic phosphorS 
orwith quartz?The bonded parts willnotSeparatedur? 
ingthe course of operation or become opticaly marred 
withareas of partial Separation??f eitherthe tube or 
scintilatorshould become defective with use,the coupled 
partsmaybeseparated byalowingwatertofowrapidy 
acrossthejunction or bondedareasothatthe bond may 
be dissolved by water?The present epoxide-diamine 
cementhasthe desirableproperty of beingwatersoluble 
and the bonded area may be partially dissolved to the 
point where the bonds between the coupled parts are 
weakenedandseparation occurs,FormorerapidreSults 
ascintilator material whichisnot deliquescentor Water 
solubleissubmergedin warmagitated waterabout 40° 
C.in the assembled parts may be Separatedina rela 
tivelyshorttime? 

Water soluble crystals enclosed in metal frames,as 
shown in FIGURE2 are separated asa unitfrom the 
coupled detector tube,although the Crystal element 5 
is of course notremoved fromits cover plate 7in this 
manner??tis axiomatic that mounted crystals which 
employ the present composition do not loosen or be 
come partialy Separatedin time which commonly oc 
curs with an oil or grease coupling medium??luids 
which have been employed as couping media usualy 
Seep through the Sealer?andareas of Separation appear 
betweenthe coverPlateandthe crystal,Mounted crys 
tals therefore thatemploy the present Cement composi 
tion have considerably longer operable lift, 

Scintillationassembliesthatarecoupledwith theepoxy 
resin and diaminecementinaccordancewith theteach 
ings ofthe presentinvention whencomparedwithscintil 
latorsthatemploy heavy mineraloi orophthalmological 

4 
petrolatumdemonstrateaconsiderableimprovementover 
?e previous devices,Forpurposes of comparison,crys 
talScintillators were mounted to a photomultipliertube 
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with three diferent coupling media:(1)polyepoxide 
diaminecementofthepresentinvention,(2)Nujolheavy 
mineral Oil,and(3)ophthalmological petrolatum and 
the coupled aSSemblies were then insertedin a scinti 
lation counterto determinethe pulse height performance 
in eachinstance,The polyepoxide-diamine cementand 
fhe mineraloilproduced pulse heights higherthan those 
?btained with the ophthalmological petrolatum. Essen 
tialyidentical pulse height data were obtained forthe 
Present cement composition and the mineral oil with 
Standard mounted Sodiumiodide crystals activated with 
fhaliummetal,134in,dia,byB2in,1ong,with thesame 
mountedcrystalina Lucitelightpipeandalso with poly 
vinyltoluenephosphor134in.diameter by134in.1ong? 
Howeyer,when a Sodium iodide crystalactivated with 
thaliumis mountedwiththe presentcementcomposition, 
it shows considerableimprovementin pulse heights that 
wereasmuchas20% higherthanthe standard mounted 
@NaI(TI)crystals that contain fuid media? 

Various modifications are contemplated and may ob 
*viously beresorted to bythose skiledin theartwithout 
?lepartingfrom the Spiritand Scope of theinvention,as 
Bereinafter defned bythe appended claims,asonly pre 
ferred embodiments thereof haye been disclosed? 

Whatisclaimedis: 
1?A scintilation counter having an optical detecting 

elementand a Scintilator,a radiation transparent win 
dowin Saidelement,alight-tranSmittingsurface on said 
scintillator,said detectingelement being bonded to said 
scintillator by a thin layer cement at the interface be 
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tween Said window and Said Surface,said cement being 
formed with a iquid epoxide and a diamine hardener, 
saidepoxide beingthe condensation product of glycerok 
andepichlorohydrin, 
2,A scintillation counter as claimed in claim 1 in 

which Said cement consists of the condensation product 
ofgycerolandepichlorohydrinina moleratio ofabou? 
1 to 3,respectively,and of 1?2-propanediamine? 
3.A Scintillation counter haying a photomultiplier 

tube and a scintilation phosphor,said photomultipier 
tube being bonded tosaid phosphor byathin 1ayerce 
mentat the interface between Said tube and said phos 
phor,Said cement beingformedwith10parts byweight 
of the condenSation product of gycerolandepichloro 
hydrin and 1 part by weight of 1.2-propanediamine,as 
the hardenertherein, 
4,A Scintillation counter as claimed in claim 3 in 

which Said product hasanepoxidevalue ofabout0660 
equivalenceper100grams, 

5,Aradiation detector comprisinga photomultiplier 
tube,acrystalphosphoranda detectingcircuitincluding 
Saidtube,Said crystalphosphor beingbonded to said 
tube by a thin layercement,said cement beingformed 
with 10 parts by weight of aliquid epoxide and1 part 
by weight of12-propanediamine,saidepoxide beingthe 
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CondenSation product of gycerol and epichlorohydrin, 
6,AScintilation phosphor comprisinga crystal ele 

?ent enclosedin a radiation permeable envelope,awin 
dowin Saidenvelope havingatransparent coverplate 
mountedthereto fortransmittinglightthroughsaidenve 
1Ope,alight-transmittingSurface of saidelementinclose 
proximitytoSaid plate,acementlayerbondingsaidplate 
toSaid Surface of Saidelement,Saidcement beingformed 
with a liquid epoxide and a diamine hardener,said 
ep0xide beingthe condensation product ofgyceroland 
epichlorohydrin? 
7,A Scintilation phosphor comprising a crystalen 

closedina radiation permeablecontainer,awindowin 
Said container havinga transparent cover platesealed 
thereto fortransmittinglightthrough said container,a 
light-transmittingSurface ofsaidcrystalincloseproxim 
ity to Said plate,a cement layerbondingsaid plateto 
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Said surface of said crystal,Said cement consisting of 
10Partsbyweight ofthe condensation productofglyc 
eraland epichlorohydrin and 1 part by weight of 1,2- 
propanediamine? 
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